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ABSTRACT

The suprapopulation dynamics of Acanthocephalus dirus
were studied in the definitive host, Etheostoma squamiceps,
and two intermediate hosts, Lirceus fontinalis and Gammarus
minus, from Lick Creek, Warren County, Kentucky.

The study was

conducted from December 1981 through January 1983.

A total of 448

isopods, L. fontinalis, was examined for larval A. dirus
and 9 (2.01%) were infected.

Infected isopods were observed from

September through December 1982.

There was no correlation between

the presence of larvae and lack of pigmentation.
amphipods, G. minus,
infected.

was

examined.

A total of 441

Of these, 21 (4.76%) were

Infected amphipods were observed in all months except

May, June, July, and September 1982.

In both intermediate hosts,

ovarian balls were present in the pseudocoelom of female
cystacanths.

This suprapopulation was unique in that it utilized

two intermediate hosts, of different orders, within a single ecosystem.
to play

This is the first time that an amphipod has been reported
d

substantial role in propagating the life cycle of an

acanthocephalan of the genus Acanthocephalus.
A total of 180 E. squamiceps was examined, and 118
(65.5%) were infected with A. dirus.

No significant differ-

ence in prevalence of infection or in the mean intensity of
infection was observed between male and female hosts.
periodicity of the parasites in E. squamiceps
There was, however,

d

was

No seasonal

observed.

significant difference in the attachment

sites of the parasites in the gut of the fish during different
months and seasons.

This was associated with recruitment periods

of the parasite by the definitive host.

All parasites were

sexually mature, and the overall ratio of males to females
1:1.

was

Acanthocephalus dirus were overdispersed in E.

squamiceps, and there was a positive correlation between host
total length and density of parasites.

INTRODUCTION

Population dynamics of acanthocephalans in their definitive
or intermediate hosts have received a good deal of attention in recent years (Chubb 1964, Walkey 1967, Amin 1975, Eure 1976, Amin
1978a, Muzzall 1978a, Muzzall 1978b, Muzzall and Bullock 1978,
Amin et al. 1980, and Amin 1981).

Very few investigations have

been directed toward suprapopulation dynamics, that is the population dynamics of the parasite in both the definitive and the intermediate hosts in the same ecosystem at the same time (Esch et al.
1975).

However, Hine and Kennedy (1974) working with

Pomphorhynchus laevis, Muzzall and Rabalais (1975a, 1975b)
working with Achanthocephalus jacksoni, and Camp and Huizinga
(1980) working with A. dirus did such studies.

None of these

studies concerned a darter as the definitive host.
Studies involving acanthocephalan parasites of darters have
been limited to new species descriptions (Oetinger and Buckner
1976) or new host records (Page 1974, and Muzzall and Rabalais
1975a).

The purpose of this study was to investigate the

suprapopulation dynamics of A. dirus in a definitive host
Etheostoma squamiceps and two intermediate hosts, Lirceus
fontindlis and Gdmmdrus minus.

STUDY AREA

The study area

Was

d

section of the Lick Creek, Warren

County, approximately 27 km west of Bowling Green, Kentucky.
Creek is

d

Lick

direct tributary to the Gasper River which is in the

Barren River drainage.

It is a second order stream (Kuehne 1962)

and ranges from 1.3 to 3.5 m wide and from 0.05 to 1.0 m deep.
The substrate of the creek varies from limestone bedrock in pools
to gravel and sand in the riffles.

Aquatic vegetation consists

primarily of algae, but there are some emergent plants in the
slower deeper sections of the creek.

The topography of the area

is of gently rolling hills with a ridge to one side of the stream
and a flood plain to the other.

Riparian vegetation of the area

is comprised of oak, hickory, beech, and poplar forest.

MATERIALS AND METHODS

Isopods and dmphipods were collected monthly with a 1.25 X
1.0 m, 1.6 mm mesh seine.
the laboratory alive.

Intermediate hosts were transported to

In the laboratory they were examined for

pigment alterations and the sex and total length determined (total
length

was

measured from the base of the antennae to the anterior

tip of the telson).

The specimens were then dissected and exam-

ined for the presence of larval parasites.
ber of A. dirus were recorded.

The presence and num-

The larvae were removed and

allowed to relax overnight at 7 C in distilled water.

Each spec-

imen was fixed in alcohol-formalin-acetic acid and stained using
Semichon's acetocarmine.

A whole mount was prepared using stan-

dard techniques. Trunk length, sex, and degree of sexual maturity
were determined for each specimen.

Degree of sexual maturity was

determined for females as follows: immature (ovary intact); mature
(ovary fragmented into ovarian balls); and gravid (acanthors present in the pasudocoelom).

Males were categorized as being imma-

ture (no sperm present in the seminal vesicle) or mature (sperm
present in the seminal vesicle).
A minimum of 10 E. squdmiceps was collected each month
from December 1981 through January 1983.

Fish were collected by

electrofishing and then transported back to the laboratory alive.
The fish were killed, and the weight, total length, and sex determined.

The digestive tract

Was

removed and the total length of

4

the intestine measured.
to four regions:

Darter intestines were divided equally in-

I. 0 to 25% including pyloric cecae, II. 26 to

50%, III. 51 to 75%, and IV. 76 to 100%.

The intestine and the

pyloric cecae were opened and the attachment sites of A. dirus
recorded. Specimens were kept in individual containers according
to attachment site.

The worms were placed in distilled water,

maintained at 7 C for 24 hours, and fixed in alcohol-formalin-acetic acid.

Each specimen was stained with Semichon's acetocarmine,

and a whole mount was prepared using standard techniques.

Trunk

length, sex, and degree of sexual maturity were determined for
each worm.

Degree of sexual maturity

Was

determined in the same

manner as for the larval forms.
For statistical treatment of these data, the study period
divided into seasons as follows:

Was

winter (January, February, and

March), spring (April, May, and June), summer (July, August, and
September), and fall (October, November, and December).

Where ap-

propriate, the significance of variations in data relating to
month and season of collection, size and sex of fish were determined by using one of the following statistical tests: negative binomial, regression correlation, Chi-square RXC, or Student's t
test.

The negative binomial was used to test for overdispersion

and regression correlation to determine if there

Was

tensity of infections with increased host length.

increased in-

Chi-square RXC

was used to determine significance of monthly and seasonal changes
in attachment sites of the parasites in the definitive hosts and
in prevalence of infection between sex of host and season.
Student's t test was used to determine significance of differences

5

in prevalence of infection and mean intensity of infection between
sex of the darters.

RESULTS

Larval _parasites in the isopod intermediate host
A total of 448 Lirceus fontinalis was examined during the
course of this study.

Nine (2.0%) were infected with larval

stages of Acanthocephalus dirus (Table 1.).

Of the nine in-

fected isopods, seven were male and two were female.

The total

length of the isopods ranged from 3 to 12 mm, but only the length
classes 6,7, and 8 mm were infected.

In these length classes, the

numbers infected were 1 (1.7%), 6 (8.0%), and 2 (3.9%),
respectively.
There was definite seasonal variation in the prevalence of
ldrval A. dirus in the isopod host.

Larvae were not found in

the isopod samples from January 1982 through August 1982.
Infections were found from September 1982 through December 1982,
but not in January 1983.

Because infections were found in only 4

of 14 months and in low prevalence when present, no statistical
analyses were used to treat these data.
Although light colored isopods were observed in the samples
(1.3%) there was no association between the presence of A.
dirus larvae and lack of pigmentation.

Infected isopods exam-

ined during this study were pigmented even though infected with
larval A. dirus.
Where possible, the sex of larval parasites was determined.
In the female eystacanths, the ovaries were fragmented and formed

31
16
52
17
17
25
63
32
60
41
36

March

April

May

June

July

August

September

October

November

December

January

448

33

February

TOTAL

25

January

Month

Number
Isopods

9(2.01%)

0(0.00%)

1(2.44%)

3(5.00%)

1(3.13%)

4(6.65%)

0(0.00%)

0(0.00%)

0(0.00%)

0(0.00%)

0(0.00%)

0(0.00%)

0(0.00%)

0(0.00%)

Number
Infected &
Prevalence

12

0

2

3

1

6

0

0

0

0

0

0

0

0

Number
Worms
Recovered

1.33 ± 1.15

0 ± 0.00

2.00 ± 1.41

1.00 ± 1.00

1.00 ± 1.00

1.50 ± 1.22

0 ± 0.00

0 ± 0.00

0 ± 0.00

0 ± 0.00

0 ± 0.00

0 ± 0.00

0 ± 0.00

0 ± 0.00

Mean
Intensity

Table I. Prevalence, Mean Intensity, and Mean Density
of Acanthocephalus dirus in Lirceus fontinalis

.027

0

.049

.050

.031

.095

0

0

0

0

0

0

0

0

Mean
Density

.4

8

ovarian balls in the pseudocoelom.
being produced

Was

The possibility that sperm were

evidenced by the dark staining testes and cement

glands, however no sperms were observed in the seminal vesicles.

Larval parasites in the amphipod intermediate host
A total of 441 amphipods, Gammarus minus,

Was

dissected

during this study and 21 (4.7%) were infected with larval A.
dirus (Table 2).
12 were female.
15 mm.

Of the 21 infected amphipods, 9 were male and
The total length of the amphipods ranged from 3 to

However, only members of length classes 8, 9, 10, 11,

12, 13, and 14 mm were infected.

In these, the numbers infected

were 2 (3.8%), 3 (11.0%), 6 (16.2%), 3 (13.1%), 3 (10.7%), 3
(21.4%), and 1 (8.3%), respectively.
d

Since amphipods were normally

grey to off-white color, no correlation could be made with infec-

tion of A. dirus and loss of pigmentation.
Seasonal variation of the larval parasite was observed in the
amphipod intermediate host.
1982 through April 1982.
May through July 1982.
were infected.

Infections were found from January

Infected amphipods were not found from

In August 1982, 2 of 41 amphipods examined

No infection

Was

found in September 1982, but ap-

peared in October 1982 increasing in prevalence through January
1983.

The highest prevalence was found in February 1982 (35.7%).

No statistical analyses were used to treat these data because of
low overall prevalence and intensity of infections.
For those larvae in which sex could be determined, female
specimens had fragmented ovaries and male specimens had dark staining testes and cement glands.

As with those specimens found in

0(0.00%)

3(12.0%)

21(4.76%)

16
70
25
58
41
59
39
28
24
25

441

April

May

June

July

August

September

October

November

December

January

TOTAL

2(12.5%)

24

Match

.200

.077

1.60 ± 1.27
34

.083

.036

.026

0

.049

0

0

0

.313

.250

.785

.055

Mean
Density

1.64 + 1.29

1.00 + 1.00

1.00 + 1.00

1.00 + 1.00

0.00 + 0.00

1.00 + 1.00

0.00 ± 0.00

0.00 + 0.00

0.00 + 0.00

2.50 + 1.58

1.40 + 1.22

2.20 + 1.48

1.00 + 1.00

Mean
Intensity

5

2

1

1(3.57%)
2(8.33%)

1

0

2

0

0

0

5

6

1(2.56%)

0(0.00%)

2(4.89%)

0(0.00%)

0(0.00%)

4(16.6%)

11

5(35.7%)

14

February

1

Number
Worms
Recovered

1(5.55%)

18

Number
Infected &
Prevalence

January

Month

Number
Amphipods

Table 2. Prevalence, Mean Intensity, and Mean Density
of Acanthocephalus dirus in Gammarus minus

1/41)

10

isopods, no definite conclusions could be drawn concerning the sexual maturity of the male specimens since the seminal vesicles did
not stain darkly.

Adult parasites in the definitive host, the spottail darter
A total of 180 spottail darters
study.

Was

examined during this

One hundred-eighteen (65.5%) were infected with A.

dirus (Table 3).

Of the males in the sample, 47 (61.8%) were in-

fected, and of the total number of females in the sample, 71
(68.3%) were infected.

There Was no significant difference

(p>0.05) in the monthly or seasonal prevalence or meat, intensity
of infection between sexes of host.
Total length of the fish ranged from 2.5 to 10.5 cm.
less than 3.5 cm was infected.

There

Was

tween parasite burden and host length,
the total sample.

d

r=

No fish

positive correlation be0.575063 (Fig. 1), for

There was a stronger correlation between host

length and intensity of infection during winter, spring, and fall
than in the sumer.
There was no marked seasonal variation in the prevalence or
meen intensity of the adult parasite in the darter (Table 3).
However, the monthly prevalence varied from a lou of 30% in JerLary
1983 to a high of 100% in April and August 1962.

Merthly mecn in-

tensities ranged from a low of 2.88 in Jarucry 1982 to

d

high of

7.83 in January 1983.
There was a significant (x2= 0.3653; p40.05) monthly and seasonal variation in the region of the gut occupied by A. diru-,.
Although worms were found in all regions of the intestine, the

10
14
12
11
10
10
11
15
18
15
14
20

February

March

April

May

June

July

August

September

October

November

December

January

180

12

January

TOTAL

8

December

Month

Number
Fish

118(65.5%)

6(30.0%)

8(57.1%)

6(40.0%)

7(38.8%)

9(60.0%)

11(100%)

8(80.0%)

6(60.0%)

9(81.8%)

12(100%)

12(85.7%)

8(80.0%)

9(75.0%)

7(87.5%)

Number
Infected &
Prevalence

597

47

44

25

28

29

67

27

29

53

92

74

25

26

31

Number
Worms
Recovered

5.51 ± 2.68

7.83 4. 2.80

5.50 .0. 2.35

4.16 ± 2.04

4.16 4. 2.04

3.22 ± 1.79

6.09 '
.0 2.47

3.38 '
4 1.84

4.83 4- 2.20

5.88 ± 2.43

7.66 4- 2.77

6.16 4- 2.48

3.13 4- 1.77

2.88 ± 1.70

4.43 ± 2.10

Mean
Intensity
± 1 SD

3.32 ± 4.47

2.35 ± 7.55

3.14 ± 4.03

1.67 ± 2.44

1.67 4. 2.44

1.93 ± 3.35

6.09 ± 2.47

2.70 ± 3.92

2.90 ± 2.64

4.82 ± 4.05

7.66 ± 2.77

5.29 t 4.39

2.50 ± 2.55

2.16 4- 1.99

3.88 ± 4.38

Mean Density
± 1 SD

Table 3. Prevalence, Mean Intensity, and Mean Density
of Acanthocephalus dirus in Etheostoma sguamiceps

0-34

0-34

0-12

0-8

0-11

0-10

1-18

0-13

0-6

0-12

1-18

0-17

0-8

0-6

0-14

Range

12

Figure 1.

The relationship between the number of Aeanthocephdlus

dirus and the total length of Etheostoma sguamiceps.
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Majority

of parasites were found in region I (Fig. 2).

The per-

centage of worms found in this region ranged from 49.0% in May 1982
to 100% in October 1982.

For the total sample, 72.3% were in re-

gion I, 24.4% were in region II, 2.3% were in region III, and 0.8%
were in region IV.
The smallest mean body length of females

was

4.06 found in

August 1982, and the largest mean body length was 5.89 in January
1983 (Fig. 3).

Smallest range was 3.5 to 5 mm found in August and

October 1982, and the largest range
January 1983.

was

found to be 3.5 to 12.5 in

Small mean body length indicated periods of

recruitment.
The sex and degree of sexual maturity were determined for all
specimens.

The overall ratio of male to female parasites was 1:1.

The lowest male to female ratio was in Spring (0.7:1), and the highest was in Fall (1.3:1).
gravid.

All female specimens were mature or

All male specimens were sexually mature except for one in

which there were no testes.
Acanthocephalus dirus
ulation of E. squamiceps.

Was

overdispersed in the sample pop-

The dispersal pattern fit the neg-

ative binomial curve, and for the total sample there was a k value
of 0.58131 (Fig. 4).
in Table 4.

The k values for individual months are given

From these, it was evident that there

was

greater

overdispersion in June, July, September, October, and December 1982
and January 1983.
ed

d

The higher k values in the other months indicat-

lesser degree of overdispersion.

Figure 2.

The monthly distribution of Acanthocephalus dirus

in the intestine of Etheostoma squamiceps.
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The monthly mean body length and range of female

Acanthocephalus dirus recovered from Etheostoma sguamiceps.
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The observed distribution and expected negative

binomial distribution of Acanthocephalus dirus in Etheostoma
squamiceps.

The hologram indicates observed distributions and the

line indicates expected distributions.
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3.09
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December
January
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0.4903

-
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0.8635
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461.5100

67.3600
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81.1724

38.8955

51.1482

21.6897

33.9600

34.0000

47.4595

23.4000

20.1583

34.8065

x2

ID?,0.95 - underdispersed;

<0.95 = random.

p .4 0.05 = overdispersed;

1.2579

3.65

March

*

3.8347

2.60

February

2.4082

1.83

January

1.3638

k

4.97

Variance/Mean
Ratio

Dispersion*

overdispersed

overdispersed

random

overdispersed

overdispersed

overdispersed

overdispersed

overdispersed

overdispersed

overdispersed

overdispersed

overdispersed

overdispersed

overdispersed

The Dispersal Pattern of Acanthocephalus dirus
in Etheostomd squdmiceps by Month

December

Month

Table 4.

DISCUSSION

The low prevalence of infection observed in the isopod intermediate host was in direct contrast to the findings of Seidenberg
(1973) and Camp and Huizinga (1980).

These investigations were

dealing with A. dirus parasitizing Asellus intermedius.

These

authors reported prevalences of 40 and 32%, respectively.

Muzzall

and Rabalias (1975b) also reported a high prevalence of 16.7% of
A. jacksoni in Lirceus lineatus.

However, Amin et al.

(1980), working with A. parksidei and Caecidotea militaris,
reported a relatively low prevalence of 8.7%.

Muzzall (1978a) also

reported a low prevalence for Fessisentis friedi parasitizing
Caecidotea communis.
The prevalence found in the amphipod was low also.

However,

this is the first report of A. dirus utilizing an amphipod intermediate host.

The only other report of a member of this genus

being found in an amphipod was that of Amin (1978a), who reported
two Pontoporiea affinis infected with larval A. parksidei.
He later indicated that the infection was accidental. (Amin et al.
1980).
In contrast to the low prevalence in the intermediate hosts,
the prevalence of the adult parasite in the definitive host was
65.5%.

It is common for the prevalence in the definitive host to

be higher due to bioconcentration and/or selective predation
(Bethel and Holmes 1973, 1974).

The above authors suggested that
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some larval parasites can increase the probability of the
intermediate host being preyed upon by the definitive host.
can be accomplished through one or more mechanisms:

This

decreasing the

stamina, increasing the conspicuousness, and/or altering the behavior of the intermediate host.
Altered pigmentation has been reported by Seidenberg (1973)
and Camp and Huizinga (1979) in Asellus intermedius infected
with A. dirus.

Muzzall and Rabalias (1975c) reported altered

pigmentation in Lirceus lineatus infected with A. jacksoni.
Amin et al. (1980) reported no pigment alteration in isopods of the
genus Caecidotea when these were infected with A. parksidei.
No pigment alterations were observed in this system either.
Oetinger and Nickol (1981) indicated that pigment alteration occurred only when the isopods were infected as juveniles.

It is

possible that isopods were not exposed to the acanthors until
reaching a post-juvenile stage, or, in this host-parasite system
depigmentation does not occur whenever infection occurs.

The

isopods collected during this study that were white or light
colored were probably fresh molts.
It has been established in this study that there

Was

no loss

of pigmentation in intermediate hosts infected with A. dirus.
This leaves the possibilities that the larval parasite might decrease the stamina or alter the behavior of the intermediate hosts.
Muzzall and Rabalais (1975c) reported that larval A. jacksoni
did alter the behavior of Lirceus lineatus.

Camp and Huizinga

(1979) reported that larvae of A. dirus also altered the behavior of Asellus intermedius.

Further studies would be needed to
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determine if this was actually happening in this host-parasite
system.
There was seasonal variation in the prevalence of infection of
larval parasites in both intermediate hosts.

This was observed in

intermediate hosts by Seidenberg (1973), Muzzall (1978a), Camp and
Huizinga (1980), and Amin et al. (1980).

There was an

interrelationship between the presence of the larvae in the two
intermediate hosts.

When the parasite was absent from the isopod

in the winter months it was at its highest prevalence in the
amphipod host.
both hosts.

In late spring and early summer it was absent from

When larvae were found in late summer and fall in the

isopod host, they were also found in the amphipod, but at a lower
prevalence than when found in the amphipod only.

The fact that

there was a higher overall prevalence of infection in the amphipod
and that the larval parasite was found in 10 of 14 months in this
host suggested that the amphipod host was the preferred host for
A. dirus in this system.
Muzzall and Rabalias (1975b) reported that larval A.
jacksoni in L. lineatus exhibited fragmented ovarian balls or
dark staining seminal vesicles and suggested that this

was

the

fourth species of acanthocephalan in which precocious development
has been observed for females.

The results of this study indicated

that A. dirus is a fifth species in which fragmentation of ovaries occurs in the intermediate host.

This has not been previously

reported and may only occur in L. fontinalis.
There was no marked seasonal variation in the prevalence or
mean intensity of infection of the adult parasite in the definitive
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host.

Chubb (1964) and Walkey (1967) suggested that temperature
These

is the determining factor in setting seasonal periodicity.

authors reported that only when there was tremendous fluctuations
in ambient water temperature would season periodicity occur.

Camp

and Huizinga (1980) and Muzzall and Rabalias (1975a) reported
seasonal periodicity in their investigations.

These two studies

were both done in small lotic environments in northern latitudes.
Chubb (1964), Awachie (1965), Pennycuick (1971a), Lawrence (1970).
Hine and Kennedy (1974), and Muzzall and Bullock (1978) reported no
seasonal periodicity in acanthocephalans in their definitive hosts
in large lotic or lentic environments at northern latitudes or in
any aquatic environment in temperate latitudes.
It was not surprising that there was no seasonal periodicity
in this system.

It is in a temperate region, and although there is

ice cover in some years, it is not prolonged.
Creek is a spring fed stream.

In addition, Lick

The temperature fluctuations are not

great enough to establish a seasonal periodicity in the definitive
host.
It has been suggested that sex of the host might pldy

d

role

in determining prevalence and intensity of infection with some
helminth parasites (Thomas 1964).

There were no significant differ-

ences in the prevalence or mean intensity of infection between sex
of host.

This supported the findings of Pennycuick (1971c),

Lawrence (1970), and Bibby (1972).

However, Thomas (1964) and Amin

(1978b) did find infection differences between sex of host and proposed that this was associated with host spawning periods and sex
hormones.
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Kennedy et al. (1976) described site selection by
Pomphorhynchus Laevis.

This phenomenon has also been reported

for other acanthocephalans by other authors (Muzzall and Bullock
1978, Muzzall 1978b, and Camp and Huizinga 1980).

In this investi-

gation, although worms were found in all regions of the intestine,
the majority of the parasites were found in the first 25%, including the pyloric cecae.

This preference could be purely mechanical

in that the parasite will attach to the first available space.

As

the worms mature and senesce, posterior movement occurred.
However, Camp and Huizinga (1980) found that A. dirus was found
localized in the second and third quarters of the intestine of
Semotilus atromaculatus.

This suggests that there may be a pre-

ferred attachment site depending on the definitive host.
Hine and Kennedy (1974) and Camp and Huizinga (1980) reported
no correlation between increased host length (age) and increased infection intensity.

Pennycuick (1971b), Walkey (1967), Amin (1974)

and Muzzall and Bullock (1978) did report such

a

correlation.

Muzzall (1978b) reported a decrease in parasite burden with increased host length.

In this study, there

Was

a correlation be-

tween host length and increased infection intensity.

This could be

explained through more extensive feeding, longer gut providing more
habitat for the parasite, and/or possible changes in feeding behavior related to fish length.

The reason that no fish less than 3.5

cm was infected probably resulted from the fish being to small to
ingest the intermediate host.
Adult A. dirus were overdispersed in the sample population
of spottail darters.

The pattern of dispersal closely fit the
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theoretical binomial curve, indicating that few hosts carried most
of the parasite population.

Overdispersal is one of the criteria

for parasitism set by Crofton (1971).

This population distribution

has been reported for other host-parasite systems (Pennycuick
1971b, and Amin 1981).

The degree of overdispersion in this study

indicated that A. dirus would have little effect upon the regulation of the spottail darter population.

For, as Crofton (1971)

pointed out, few hosts would be affected if death resulted from the
infection.

LITERATURE CITED

Amin, O.M. 1974. Intestinal helminths of the white sucker,
C,itostomus commersoni (Lacepede), in SE Wisconsin. Proc.
Helm. Soc. Wash. 41:81-88.
. 1975. Host and seasonal associations of
Acanthocephalus parksidei Amin, 1974 (Acanthocephala:
Echinorhynchidae) in Wisconsin fishes. J. Parasitol.
61:318-329.
. 1978a. On the crustacean hosts of larval
acanthocephalan and cestode parasites in southwestern Lake
Michigan. J. Parasitol. 64:842-845.
. 1978b. Effect of host spawning on Echinorhynchus
salmonis Muller, 1784 (Acanthocephala: Echinorhynchidae)
maturation and localization. J. Fish. Dis. 1:195-197.
. 1981. The seasonal distribution of Echinorhynchus
salmonis (Acanthocephala: Echinorhynchidae) among rainbow
smelt, Osmerus mordax, Mitchell, in Lake Michigan. J.
Fish. Biol. 19:647-474.
, L.A. Burns, and M. J. Redlin. 1980. The ecology of
Acanthocephala parksidei Amin, 1975 (Acanthocephala:
Echinorhynchidae) in its isopod intermediate host. Proc.
Helm. Soc. Wash. 47:37-46.
Awachie, J.B.E. 1965. The ecology of Echinorhynchus truttae
Schrank, 1788 (Acanthocephala) in a trout stream in North
Wales. Parasitology. 55:747-762.
Bethel, W.M. and J.C. Holmes. 1973. Altered evasive behavior and
responses to light in amphipods harboring acmIthocephalan
cystacanths. J. Parasitol. 59:945-956.
. 1974. Correlation of development
of altered evasive behavior in Gammarus lacustris
(Amphipoda) harboring cystacanths of Polymorphus paradoxus
(Acanthocephala) with the infectivity to the definitive host.
J. Parasitol. 60:272-274.
Bibby, M.C. 1972. Population biology of the helminth parasites of
Phoxinus phoxinus (L.), the minnow, in a Cardiganshire
lake. J. Fish. Biol. 4:289-300.

25

Camp, J.W. and H.W. Huizinga. 1979. Altered color, behavior, and
predation susceptibility of the isopod Asellus intermedius
infected with Acanthocephalus dirus. J. Parasitol.
65:667-669.
. 1980. Seasonal population
interactions of Acanthocephalus dirus (Van Cleave) in the
creek chub, Semotilus atromdculatus, and isopod, Asellus
intermedius. J. Parasitol. 66:299-304.
Chubb, J.C. 1964. Occurrence of Echinorhynchus clavula
(Dujardin, 1845) nec Hamann, 1892 (Acanthocephald) in the fish
of Llyn Tegid (Bala Lake), Merionethshire. J. Parasitol. 50:
52-59.
Crofton, H.D. 1971. A quantitative approach to parasitism.
Parasitology. 62:179-193.
Esch, G.W., J.W. Gibbons, and J.E. Bourque. 1975. An analysis of
the relationship between stress and parasitism. Am. Mid. Nat.
92: 339-353.
Eure, H. 1976. Seasonal abundance of Neoechinorhynchus
cylindrdtus taken from largemouth bass (Micropterus
salmoides) in a heated resevoir. Parasitology. 73:355-370.
Hine, P.M. and C.R. Kennedy. 1974. The population biology of the
acanthocephalan Pomphorhynchus laevis (Muller) in the
River Avon. J. Fish. Biol. 6:665-679.
Kennedy, C.R., P.F. Broughton, and P.M. Hine. 1976. The sites
occupied by the acanthocephalan Pomphorhynchus leavis
(Muller) in the alimentary canal of fish. Parasitology.
72:195-206.
Keuhne, R.A. 1962. A classification of streams, illustrated by
fish distribution in an eastern Kentucky creek. Ecology.
43:608-614.
Lawrence, J.L. 1970. Effects of season, host age, and sex on
endohelminths of Catostomus commersoni. J. Parasitol.
56:567-571.
Muzzall, P.M. 1978a. The host-parasite relationship and seasonal
occurrence of Fessisentis friedi (Acanthocephala:
Fessisentidae) in the isopod (Caecidotea communis). Proc.
Helm. Soc. Wash. 45:77-82.
Muzzall, P.M. 1978b. Ecology and seasonal abundance of three
acanthocephalan species infecting white suckers in southeast
New Hampshire. J. Parasitol. 66:127-133.

Muzzall, P.M. and W.L. Bullock. 1978. Seasonal occurrence and
host-parasite relationships of Neoechinorhynchus saginatus
(Van Cleave and Bangham 1949) in the fallfish, Semotilus
corporalis (Mitchell). J. Parasitol. 65:860-865.
Muzzall, P.M. and F.C. Rabalais. 1975a. Studies on
Acanthocephalus jacksoni Bullock 1962 (Acanthocephala:
Echinorhynchidae'. I. Seasonal periodicity and new host
records. Proc. Helm. Soc. Wash. 42:31-34.
. 1975b. Studies on
Acanthocephalus jacksoni Bullock, 1962 (Acanthocephala:
Echinorhynchidae). II. An analysis of the host-parasite
relationship of larval Acanthocephalus jacksoni in
Lirceus lineatus (Say). Proc. Helm. Soc. Wash. 42:35-38.
. 1975c. Studies on
Acanthocephalus jacksoni Bullock, 1962 (Acanthocephala:
Echinorhynchidae). III. The altered behavior of Lirceus
lineatus (Say) infected with cystacanths of Acanthocephalus jacksoni. Proc. Helm. Soc. Wash. 42:116-118.
Oetinger, D.F. and R.L. Buckner. 1976. Acanthocephalus
tahlequahesis sp. n. (Acanthocephala: Echinorhynchidae)
from the stippled darter, Etheostoma punctulatum
(Agassiz), in northeastern Oklahoma. J. Parasitol.
62:237-241.
Oetinger, D.F. and B.B. Nickol. 1981. Effects of acanthocephalans
on pigmentation of freshwater isopods. J. Parasitol.
67:672-684.
Page, L.M. 1974. The life history of the spottail darter,
Etheostoma squamiceps, in Big Creek Illinois, and Ferguson
Creek, Kentucky. Illinois Nat. Hist. Sur. 89.
Pennycuick, L. 1971a. Seasonal variations in the parasite
infections in a population of three-spined sticklebacks
Gasterosteus aculeatus L. Parasitology. 63:373-389.
. 1971b. Frequency distributions of parasites in a
population of three-spined sticklebacks, Gasterosteus
aculeatus L., with particular reference to the negative
binomial distribution. Parasitology. 63:389-406.
. 1971c. Differences in the parasite infections in
three-spined sticklebacks (Gasterosteus aculeatus L.) of
different sex, age, and size. Parasitology. 407-418.
Seidenberg, A.J. 1973. Ecology of the acanthocephalan,
Acanthocephalus dirus (Van Cleave, 1931) in its isopod
intermediate host, Asellus intermedius Forbes (Crustacea:
Isopoda). J. Parasitol. 59:957-962.

27

Thomas, J.D. 1964. A comparison between the helminth burdens of
male and female brown trout, Salmo trutta L., from a
natural population in the River Teify, West Wales.
Parasitology. 54:263-272.
Walkey, M. 1967. The ecology of Neor,,chinorhynuhus rutili
Muller. J. Parasitology. 53:795-804.

